Background: Group medical clinics (GMCs) are widely used in the management of diabetes and hypertension, but data on their effectiveness are limited.
D
iabetes mellitus is a prevalent chronic condition that is associated with substantial morbidity, mortality, use of health services, and costs (1) (2) (3) . Although selfmanagement skills may improve glycemic control (4), selfmanagement training is often time-and resource-intensive. Group visits have the potential not only to enhance selfmanagement but also to improve access, decrease costs, and increase efficiency of care for patients with chronic diseases (5) . Models for group visits include self-management groups and group medical clinics (GMCs). The former emphasizes empowering patients to change their behavior to achieve better chronic illness control. However, although self-management groups improve empowerment, knowledge, pain, and anxiety, their effect on biological outcomes in chronic illnesses has been modest (6 -8) . Group medical clinics represent a more intensive model in which individualized medical management of chronic illness is added to self-management education (9) . The GMC model has been shown to reduce urgent use in several settings (10 -12) . However, the few randomized, controlled trials of GMCs in diabetes have reported conflicting results (13) (14) (15) (16) . Despite the prevalence of hypertension (17) and the importance of blood pressure control among diabetic patients (18 -20) , previous trials have not reported the effect of GMCs on blood pressure.
We conducted a randomized trial to evaluate the effectiveness of GMCs on blood glucose and blood pressure in patients with comorbid diabetes and hypertension.
METHODS
We conducted a randomized, controlled trial that compared a GMC intervention with usual care among primary care patients at the Veterans Affairs Medical Centers (VAMCs) in Durham, North Carolina, and Richmond, Virginia. Both facilities' institutional review boards approved the protocol. A data safety and monitoring board evaluated enrollment, outcomes, and adverse events every 6 months.
Patients
Patients were eligible if they were enrolled in primary care at either center, had both diabetes and hypertension (outpatient or inpatient diagnostic codes), were receiving medication for diabetes, and had poorly controlled diabetes (most recent hemoglobin A 1c [HbA 1c ] level Ͼ7.5%) and hypertension (most recent systolic blood pressure Ͼ140 mm Hg or diastolic blood pressure Ͼ90 mm Hg). We excluded patients if they reported dual primary care outside the U.S. Department of Veterans Affairs; were enrolled in an endocrine clinic in the past 6 months; were hospitalized for a psychotic illness in the past 3 years or were cognitively impaired; or had a reduced life expectancy from severe chronic illness. We contacted eligible patients if their primary care provider gave permission.
Randomization and Interventions
Patients gave informed consent at the initial study visit. We excluded patients who were cognitively impaired (Ͼ5 errors on the Short Portable Mental Status Questionnaire) (21, 22) . We then measured baseline HbA 1c and blood pressure to determine final eligibility (HbA 1c level Ͼ7.5% and either systolic blood pressure Ͼ140 mm Hg or diastolic blood pressure Ͼ90 mm Hg). After we obtained baseline data, we randomly assigned eligible patients, usually by telephone 24 hours after consent. We stratified randomization by VAMC, baseline HbA 1c level (Ն9.0% vs.
Ͻ9.0%), and baseline systolic blood pressure (Ն150 mm Hg vs. Ͻ150 mm Hg). We randomly assigned patients to the GMC and usual care groups in a 5:4 ratio to account for clustering of patients in the group medical visits group; patients in the usual care group received their usual VAMC primary care. An unblinded person with no responsibility for outcome ascertainment revealed study group allocation to patients. We used stratified, blocked randomization with block sizes of 11.
We allowed patients who were randomly assigned to the GMC group to choose a group that met on their preferred half-day. Each group comprised 7 to 8 patients and a care team (a primary care general internist, a pharmacist, and a nurse or certified diabetes educator). The groups met every 2 months (7 visits over 12 months). Each group met with the same care team at each visit; however, different groups had different care teams, and each provider could be a member of more than 1 care team. Patients received $10 for each GMC session they attended to offset travel costs; this is similar to U.S. Department of Veterans Affairs travel reimbursement rates.
Patients had their blood pressure checked and home blood glucose values collated when they arrived at each GMC session, and then they attended an educational session delivered by the nurse or educator. The group members chose topics from a list, so each GMC could tailor the education sessions to its members' needs. Sessions were interactive, and the nurse or educator facilitated conversation among the patients.
The pharmacist and the primary care internist reviewed patient medical records, blood pressures, and home blood glucose readings during each session and developed individualized plans for medication or lifestyle management directed toward improving blood pressure and HbA 1c level. We informed these patients' primary care providers of medication changes solely by means of the electronic medical record. Sessions lasted 90 to 120 minutes. The Appendix, available at www.annals.org, describes the GMC content and protocol.
We used signed attendance contracts to increase attendance (23, 24) . Telephone contact with patients between GMC sessions was usually limited to communicating the results of laboratory tests on samples obtained during the GMC and any management changes that were indicated on the basis of those results.
All patients continued to receive their usual primary care. Patients in the usual care group received no active intervention. We maintained intervention fidelity with frequent calls and consultations between the Richmond and Durham VAMCs.
Outcomes and Measurements
Our a priori primary outcome measures were HbA 1c level and blood pressure, measured at baseline and at the midpoint and the end of the study. We chose systolic instead of diastolic blood pressure because it is more likely to
Context
Many practices lack the resources to train patients with chronic diseases to be active participants in their own care. Group visits during which multiple patients with the same disease receive training could be an efficient way to provide such training.
Contribution
Among 239 patients with poorly controlled hypertension and diabetes who received either usual care or care that involved group visits, patients who participated in group visits had better blood pressure control than, but similar diabetes control to, patients who received usual care.
Implication
Group visits are feasible and can improve outcomes for some, but not all, chronic diseases.
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Article Group Medical Clinics for Patients With Both Diabetes and Hypertension be uncontrolled in patients with hypertension (25) . The clinical laboratories in each facility measured HbA 1c by using standard high-pressure liquid chromatography methods. We measured blood pressure twice (with a 5-minute interval) in the right arm, with the patient in the seated position, by using an electronic cuff (26) ; the average of the measures was the final outcome.
At baseline, we collected demographic characteristics, duration of diabetes, and distance between home and VAMC. We also scored patients on adherence by using Morisky and colleagues' self-reported medication adherence scale (27) and on self-efficacy by using the Perceived Competence Scale (28) .
We ascertained adverse events in both groups by structured self-report (29) and medical record review at 6 months and at the end of the study. For ethical reasons, we also ascertained them for patients in the GMC group at each GMC session. We defined a hypoglycemic episode as a recorded blood glucose level less than 3.33 mmol/L (Ͻ60 mg/dL) or a self-report of symptomatic hypoglycemia and defined serious hypoglycemia as any such episode that required medical assistance. We defined other specific adverse events by either patient self-report (for example, lightheadedness) or medical record review (for example, a decrease in estimated glomerular filtration rate).
Using administrative data from the U.S. Department of Veterans Affairs, we ascertained use of health care services between 1 and 13 months after enrollment. We determined primary care and emergency care visits by using Veterans Affairs-specific codes. Visit counts are exclusive of group clinic sessions.
We estimated the cost of GMCs by totaling the labor costs associated with the group sessions (salary and fringe benefits), those associated with follow-up calls to patients, and nurse training costs (total of 2 hours). All patient carerelated phone calls were logged throughout the study. Because equipment and material costs were minimal, we did not include them in the intervention cost. We estimated base-case, minimum, and maximum costs by using appropriate ranges of personnel salaries and call times. Costs are reported in 2009 U.S. dollars.
Follow-up Procedures
We measured HbA 1c and blood pressure and distributed questionnaires at baseline and at the midpoint (median follow-up, 6.8 months) and the end (median followup, 12.8 months) of the study. A research assistant who was blinded to treatment group assignment made all outcome measures at appointments. These appointments were separate from the GMC sessions for patients in the GMC group.
Statistical Analysis
Our primary outcome, specified a priori, was the proportion of patients who achieved treatment targets for HbA 1c level (Ͻ7.0%) and blood pressure (both systolic Ͻ130 mm Hg and diastolic Ͻ80 mm Hg). On the basis of these dichotomous outcomes, we estimated that we needed 288 patients (160 in the GMC group and 128 in the usual care group) to have 80% power to detect a 20% difference in the proportion of patients who achieved control in the GMC group compared with the usual care group. We assumed a 10% dropout rate at each of the 2 follow-up points, an ␣ value of 0.05, a correlation between time points for blood pressure or glycemic control of 0.35, and an intraclass correlation coefficient of 0.05 in the GMC group. On the basis of this sample size, we also calculated that we would have greater than 80% power to detect a 6 -mm Hg difference in systolic blood pressure and a 1% difference in HbA 1c level between the GMC and usual care groups. However, a study published (30) before data collection was complete and before we viewed any outcome data suggested that HbA 1c level was best analyzed as a continuous variable. We therefore decided to analyze our primary outcomes as continuous variables. We also decided that systolic blood pressure would be our primary indicator of hypertension control, because it is more likely than diastolic blood pressure to be uncontrolled (25) .
All analyses were done on an intention-to-treat basis and performed by using SAS software (SAS Institute, Cary, North Carolina). We used chi-square tests to test for between-group differences in adverse events. For the primary analyses, we fit linear mixed models (31). Our primary predictors included indicator variables for the midpoint and end of the study and interaction variables for treatment group by follow-up. This model assumes that the groups have equal baseline means, which is appropriate for a randomized, controlled trial and is equivalent in efficiency to an analysis of covariance model (32) . Analyses that did not assume equal baseline levels gave similar results (data not shown). We used all available patient data; no observations were deleted because of missing follow-up data. The estimation procedure used in the mixed-model framework for longitudinal analysis yields unbiased estimates of parameters when missing outcomes are assumed to be ignorable; that is, they are related to either observed covariates or response variables but not to unobserved variables (33) .
We used an unstructured covariance model for the repeated measures; we also fit a random GMC effect to account for clustering within the GMCs. The final models also included our stratification variables for site and baseline blood pressure and HbA 1c control. We examined residual plots from the mixed models to assess model assumptions and the effects of potential outlier observations. Our primary inference was on the treatment by follow-up interaction model parameter-specifically, the treatment by end-of-study interaction-because this was the estimated difference between the GMC and usual care groups at the end of the study. We followed a similar modeling strategy for the continuous secondary outcomes of diastolic blood pressure and perceived competence. For the dichotomous secondary outcomes of medication adherence, blood pressure, and HbA 1c control, we used generalized estimating equation (GEE) models (34) , which account for clustering of both patients within intervention groups and repeated measures within patients. Because the outcomes were binary, we used a GEE with a logit link function and an unstructured correlation structure. We used empirical SEs for inference. Because all patients had uncontrolled blood pressure and blood glucose levels at baseline (inclusion criteria), outcomes for blood pressure and glycemic control were measured at the midpoint and end of the study. These models also included our stratification variables (site, baseline systolic blood pressure [Ն150 mm Hg vs. Ͻ150 mm Hg] and baseline HbA 1c level [Ն9.0% vs Ͻ9.0%]). We used the GENMOD procedure in SAS, version 9.1 (SAS Institute, Cary, North Carolina), to fit all GEE models.
For number of emergency department and primary care visits over 13 months, we fit linear mixed models that were adjusted for clustering of GMC within the intervention and for stratification variables. Because hospitalizations occurred infrequently, we dichotomized this variable (inpatient stay or no inpatient stay) and fit a GEE model.
Role of the Funding Source
Our study was funded by the U.S. Department of Veterans Affairs Health Services Research and Development Service, which had no direct role in the study's design, conduct, and reporting beyond approval of the scientific protocol in peer review for funding. The Health Services Research and Development Service assigned the independent data safety and monitoring board.
RESULTS

Patients
We contacted 609 eligible patients out of 3469 patients screened, 239 of whom were randomly assigned (Figure 1) . We excluded most patients because of improved blood pressure or HbA 1c control; serious comorbid illness also accounted for some exclusions. We enrolled patients between June 2006 and September 2007. Two hundred fifteen patients (90%) completed midpoint study follow-up, and 211 patients (88%) completed the trial; we obtained 93% of data points.
Patients in the GMC and usual care groups were similar at baseline (Table 1) , although patients at the Durham VAMC were slightly younger and heavier and had higher HbA 1c levels and systolic blood pressure than those at the Richmond VAMC (data not shown). The 239 patients had 80 primary care physicians. Approximately 50% of pri- 
GMC Structure and Attendance
We created 18 GMCs (9 in Durham and 9 in Richmond), with 6 to 8 patients per group. Overall, intervention patients attended 78.4% of the GMC sessions. Fiftyeight patients (44%) attended all sessions; another 29 (22%) missed only 1 session. Only 3 patients missed all 7 sessions. Attendance was higher at the Richmond VAMC (86% of sessions attended) than at the Durham VAMC (70% of sessions attended).
Primary Outcomes
After we adjusted for stratification variables and clustering within the GMC group, mean systolic blood pressure was 7.3 mm Hg (95% CI, 1.7 to 12.8 mm Hg) lower in the GMC group than the usual care group (Figure 2) at the end of the study. At the study midpoint, mean systolic blood pressure was 5.7 mm Hg (CI, 0.06 to 11.4 mm Hg) lower in the GMC group than in the usual care group. Mean HbA 1c levels were 0.33% (CI, Ϫ0.13% to 0.80%) lower in the GMC group than in the usual care group at the end of study (Figure 2) ; at the study midpoint, the between-group difference in HbA 1c level was 0.20% (CI, Ϫ0.25 to 0.66) (Figure 2) . The intraclass correlation coefficients for systolic blood pressure and HbA 1c in the GMC group were 0.05 and 0.03, respectively.
Secondary Clinical Outcomes
At the end of the study, mean diastolic blood pressure was 3.8 mm Hg (CI, 0.76 to 6.9 mm Hg) lower in the GMC group than in the usual care group. At the study midpoint, 24% of patients and 21% in the usual care group had adequate blood pressure control in the GMC group ( Table 2) . At the end of the study, 22% of patients in the GMC group and 12% in the usual care group had achieved blood pressure control (odds ratio [ 
Potential Mechanisms of GMC Action
At the end of the study, self-reported perfect medication adherence did not differ between the GMC and usual care groups (OR, 0.8 [CI, 0.5 to 1.4]) ( Table 2) ; however, we found a 1.6-point (CI, 0.9 to 2.4 points) improvement in perceived competence scores in the GMC group compared with the usual care group ( Table 2) .
Adverse Events
Most adverse events were similar between the groups (Table 3) ; however, fewer patients in the GMC group reported falls or lightheadedness (P ϭ 0.006) ( Table 3 ). More than 50% of patients in the GMC group reported no falls or lightheadedness, compared with 37% in the usual care group. Few serious study-related adverse events occurred in either group. The corresponding estimates and 95% CIs from the midpoint of the study were systolic blood pressure, Ϫ5. 
Use and Costs
Patients in the GMC group had 0.4 (CI, 0.20 to 0.70) fewer emergency care visits than the usual care group (0.9 vs. 1.3 visits per patient-year; P Ͻ 0.001). Patients in the GMC group also had 0.9 (CI, 0.2 to 1.5) fewer primary care visits (5.3 vs. 6.2 per patient-year; P ϭ 0.010); this difference did not offset the number of GMC visits. For inpatient stays, 23 patients (17%) in the GMC group were hospitalized a total of 32 times and 23 patients (22%) in the usual care group were hospitalized a total of 39 times (OR, 0.8 [CI, 0.4 to 1.4]).
We estimated that an average GMC visit required 1. 
DISCUSSION
Group medical clinics can improve the quality, outcomes, and efficiency of care for patients with chronic diseases. Our results show that veterans with uncontrolled diabetes and hypertension who attended GMCs had better blood pressure control than those who received usual care at 6 months; this difference was sustained at 1 year. The 7-mm Hg difference between our intervention and control groups is similar to that seen in the intervention groups of ALLHAT (Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial) (35) in the year after patients began receiving drug therapy. Group medical clinics did not improve HbA 1c level. Patients in the GMC group had significantly fewer emergency department visits (0.4 per patient-year), and we observed no increase in adverse events from intensification of therapy. The annual cost of GMCs was $460 per patient. GMC ϭ group medical clinic; HbA 1c ϭ hemoglobin A 1c . * We assumed a common baseline value between treatment groups. † Using the scale of Morisky and colleagues (27) . ‡ Uncontrolled in all patients at baseline (inclusion criterion).
Two factors probably led to the relative success of our intervention compared with previous evaluations of GMCs. First, attendance was higher than in other studies (14) . Using attendance contracts (23, 24) , having a consistent care team, and providing small incentives to pay for transportation costs may have accounted for this finding. Second, we enrolled patients with both blood pressure and HbA 1c level greater than the target values, so all patients had room for improvement. This target population also derives the greatest clinical benefit from improvement (36, 37) .
The major effect that we observed was on blood pressure control. We considered several possible mechanisms of action that might lead to this improvement. First, the lack of between-group differences in medication adherence in our study suggests that improved adherence to blood pressure medications does not account for our finding. Second, we observed less improvement in self-efficacy in the GMC group than in the usual care group, which may have resulted from bringing patients together to teach each other how to manage their blood pressure with support from a consistent care team. These improvements may have led to improvements in blood pressure. Finally, blood pressure may have improved in patients because of medication intensification and increased time with a pharmacist and physician.
We are uncertain why the benefit seen for the GMC intervention for blood pressure did not extend to glycemic control. More clinical support may have been available for glycemic management than for blood pressure management at our facilities. This support would serve as a cointervention, making it less likely that we would observe improvement in HbA 1c than in blood pressure. Better support for HbA 1c management may also mean that these patients were more "recalcitrant" to improving HbA 1c than blood pressure, because they would have been more likely to experience failed attempts at more intensive management of HbA 1c than of blood pressure before study enrollment.
Our study has limitations. First, we conducted it among veterans who received primary care at VAMCs, which may limit generalizability. We mitigated this somewhat by using 2 sites and including diverse personnel in the care teams at each site. Of note, the magnitude and pattern of the effect was similar across sites despite observed baseline differences among patients at each site. Second, we cannot determine which, if any, single component of the intervention was most effective. Finally, we designed our study to address the effectiveness of the intervention if implemented in a system that did not use other enhanced primary care options; we therefore used a usual care control group. The observed differences may have resulted from the extra attention provided to the GMC group rather than its content.
We found that GMC visits for veterans with poorly controlled hypertension and diabetes resulted in a clinically and statistically meaningful improvement in blood pressure but not glycemic control. Given the high attendance at group visits, the intervention seemed to be well received by patients. This strategy is also consistent with improved processes and outcomes of care for patients with other chronic diseases. Group medical clinics also hold great promise because blood pressure control is more important than glycemic control for reducing cardiovascular morbidity and mortality among patients with diabetes. Finally, the reductions in emergency and primary care visits may offset the costs of the intervention. If found to be cost-effective and efficient, GMCs could be implemented in a wide range of settings and become important in the remodeling of long-term care in the United States. ALT ϭ alanine aminotransferase; AST ϭ aspartate aminotransferase; eGFRϭ estimated glomerular filtration rate (by the Modification of Diet in Renal Disease Study equation); GMC ϭ group medical clinic. * Numbers in parentheses are the number of patients who reported that adverse event on their form at either the midpoint or the end of the study.
APPENDIX: INTERVENTION DESCRIPTION
After random assignment, we contacted patients by phone to arrange the first GMC session. We offered sessions on particular half-days of the week; patients selected which GMC to attend on the basis of available half-days. Usually, the next GMC's half-day had already been set, and patients were offered assignment into this group. However, if the date and time for this meeting would not work with their schedule, they could defer starting until the following GMC. During this initial phone conversation, patients received an explanation of the sequence of events for each session, instructions to bring all their medications and their glucometer to each appointment, and the room location of the first GMC session. The initial phone call was followed by a letter that confirmed the date and time of the group medical visit. We mailed reminder letters to all patients at least 1 week before each subsequent GMC Session.
Each group comprised 7 to 9 patients. The care team for each group was composed of a primary care general internist, a clinical pharmacist, and a nurse or other certified diabetes educator. Groups met every 2 months for 7 visits, and the same patients met with the same care team each visit. However, different groups may have had different care teams, and each participating provider could be a member of more than 1 care team. All members of the care team were employed at least part-time in primary care at that Veterans Affairs Medical Center.
Each GMC session was scheduled for 2 hours; however, visits after the first typically lasted approximately 90 minutes. Each session was divided into 3 phases (Appendix Figure) . We called the first phase of each session the "intake and data collection phase." On presentation to each GMC, the patient completed a brief medical questionnaire to exclude any acute medical issues that required emergent medical attention. During intake, patients also had their blood pressure checked in the group room by either the pharmacist or the nurse assigned to the care team. We expected patients to bring either their glucometer or a log of their self-monitored blood glucose levels to each appointment. A member of the care team collated the self-monitored blood glucose levels at the beginning of each visit. These data were collected to be used by the internist and clinical pharmacist as they collaborated on each treatment plan. Intake also allowed time for informal conversations among the group members and between the members and the care team, to promote cohesiveness and bonding.
Phase 2 began approximately 30 minutes into the session. Two overlapping activities occurred during this approximately 30-minute time frame. In the main room, patients engaged in an interactive educational session provided by the assigned educator (usually the team nurse). Group members selected the schedule of educational topics for subsequent visits at the initial group visit. We offered the following sessions: Foot Care, Medications and How They Work, Signs and Symptoms of Hyper-and Hypoglycemia, Diet, Managing Illness Days, Blood Glucose Monitoring, and Exercise. Patients selected both the topics and the sequence of presentation; our intent was to empower groups to identify their own educational needs. Each educational session was interactive, and each educator had received previous instruction on facilitating group interactions. Some of the nutrition discussions also included a dietitian, who was also trained in facilitating group interactions.
Meanwhile, the pharmacist and primary care internist developed a treatment plan for each patient. The day before the GMC session, the clinical pharmacist reviewed each patient's chart to determine whether his or her health care status had changed, evaluate any pertinent laboratory findings, and assess adherence to and changes in diabetes or hypertension medications since the last GMC session. While the patients were attending the interactive education session, the internist and clinical pharmacist reviewed the information gathered by the pharmacist and the patient blood pressures and self-monitored blood glucose levels that were collected during intake. They then developed a plan for medication and lifestyle management directed toward improving hemoglobin A 1c level and blood pressure. Apart from lipid management (a secondary aim), we did not perform any other primary care functions during GMC visits because of requests from primary care physicians during the pilot study that these not be addressed in GMC sessions.
After the education session, each patient participated in a one-on-one breakout session with either the pharmacist or the internist. During this time, the health care provider could gather any additional patient-specific information not found in the medical record about medication-taking behavior, possible adverse drug events, or other changes in health care status that could alter the treatment plan. The patient and care team provider then negotiated a final plan for improved disease control. A record of the plan was entered into the electronic medical record and forwarded electronically to the primary care provider. At the conclusion of the meeting, patients received an updated list of their medications, with instructions for any medication or lifestyle changes and a written reminder of the time of the next GMC visit. 
